Aims: Enzyme (cellulase) contributes 10% to overall cost in bioethanol production from lignocellulosic biomass. This means that the cost for bioethanol production will be reduced if cellulase can be produced using cheaper method. Compared with submerged fermentation, it is recognized that the cost for cellulase production using solid state fermentation (SSF) process is much cheaper. The present study aimed to optimize cellulase production via SSF process using agro-industrial residual as substrate. Methodology and result: Newly developed solid state bioreactor, FERMSOSTAT had been evaluated in cellulase production using local isolate Aspergillus niger USM AI 1 grown on sugarcane baggase and palm kernel cake as substrates at 1:1 (w/w) ratio. Under optimized SSF conditions of 0.5 kg substrate; 70% (w/w) moisture content; 30 °C; aeration at 4 L/h.g fermented substrate for 5 min and mixing at 0.5 rpm for 5 min, about 62.6 U/g of CMCase activity obtained. At the same time, comparative studies of the enzyme production under the same SSF conditions indicated that CMCase produced by Trichoderma reesei was about 9% lower compared with A. niger USM AI 1. Conclusion, significance and impact of study: It can be concluded that the performance of newly developed SSF fermenter is good since it can used to produce CMCase enzyme with reasonable good title (863% increased in CMCase production after optimization). Thus, this newly developed SSF bioreactor has highly potential be used as prototype for larger scale bioreactor design.
INTRODUCTION
Malaysia spent about RM 80 million yearly in importing various types of enzymes for used in local industries and some for research purposes. Some of the reasons include high cost for development of facilities and equipment as well as poor support from the local industries in enzyme applications. Considering the fact that enzymes consumption in Malaysia will increase significantly in the near future, the production of enzyme within the country will definitely a cost saving approach for local industries. Compared with submerged fermentation process, SSF process possesses many advantages for enzyme production such as smaller working space and financial requirement. Based on this reasons, SSF technology has been given attention and have achieved to the commercial level in countries like India and Eastern Europe. Besides, the advantages associated with SSF are higher productivity, improved product recovery, reduced energy requirements, less effluent generated and simplicity of the equipment used (Kumar and Lonsane,1990; Wang and Yang, 2007; Pandey et al., 2008) . Besides that, the substrate itself contains most of the necessary nutrient required by the microbial to grow and this makes the fermentation media simpler (Cannel and Moo-Young, 1980; Steinkraus, 1984; Kumar and Lonsane, 1990; Raimbault, 1998; Perez-Guerra et al., 2003) . Furthermore, countries like Malaysia with abundant agro-industrial residual (> 5 million tons per year) will be a great advantage not only for the utilization of the agro-industrial residual for the production of enzymes, but also helps to lessen the undesirable impact to the environment.
This study focus on the production of cellulase (CMCase activity) via SSF process using agro-industrial residual such as palm kernel cake and sugarcane baggase as substrate. Local isolate Aspergillus niger USM AI 1 was used for the enzyme production in a newly developed solid substrate fermenter. In addition, factors that affect CMCase production such as amount of substrate, incubation temperature, moisture content, aeration rate and aeration time as well as mixing rate and mixing intensity were investigated and optimized.
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MATERIALS AND METHODS
Microorganism
In this study A. niger USM AI 1 was used for the production of cellulase (CMCase) enzyme. It's a local isolate, which was isolated from decayed wood obtained from the Northern Region of Peninsular Malaysia in year 2002 (Lee et al., 2011) .
CMCase production via solid state fermentation process
Production of spore and preparation of SSF inoculum
Fungal spores were obtained by growing the culture on Potato Dextrose Agar (Amresco, Solon, Ohio, USA) at a room temperature (28 °C ± 2 °C) in a 250 mL medium bottle. The spores were harvested after 4-5 days of cultivation with sterile distilled water containing 0.1% (w/v) Tween-80 (Smits et al., 1996) . The spore suspension was passed through a 0.5 mm sieve to eliminate mycelia and the spore concentration was estimated by the method described by Raimbault and Alazard (1980) . Twenty percent (v/w) of spore suspension at 1x10 8 spore/mL was mixed with the previously autoclaved growth medium. This medium was used as inoculum for SSF process (Lee et al., 2011) .
Substrates preparation and sterilization
Sugarcane baggase (≤ 2 mm diameter) and palm kernel cake (PKC) (≤ 0.5 mm diameter) at 1:1 ratio was used as substrates for CMCase production. The substrates were mixed by hand and transfer into the fermenter (FERMSOSTAT) through the substrate port located on the top of the fermenter vessel. The substrate was pre-treated cum sterilized in situ with hot air sterilization at 130 °C for 3 h (Lonsane et al., 1992) . After the sterilization process, the fermenter and substrates were allowed to cool down to ambient temperature before inoculation of the substrates were carried out. PKC (0.5 kg) and sugarcane baggase (0.5 kg) were put into the fermenter for single run of SSF process (Lee et al., 2011) .
Medium preparation and inoculation process
The growth medium used in SSF process consisted of mineral salts and trace elements (Pang et al., 2006) . The pH was adjusted to 7.0 prior to autoclave but the pH of the growth medium was not controlled during the course of fermentation. For inoculation, spraying nozzles was used to spray the spore suspension and growth medium over the solid substrate. Mixing of the substrate by impeller continued during inoculation. The air supplied was discontinued after all the spore suspension was sprayed on the substrate. However, mixing was continued for another 15 min in order to allow the absorption of the growth medium by the solid substrate (Lee et al., 2011) .
Sampling of substrates and enzyme extraction
SSF process for the production of CMCase by A. niger USM AI 1 was carried out for 6 to 7 days. About 10 g of substrate was sampling out from each of the sampling port (3) for every 24 h interval. Prior to the sampling process, the substrate was mixed for 5 min. The sample was used to determine the CMCase activity, moisture content and glucosamine content (Lee et al., 2011) . The extraction of enzyme was performed by mixing the fermented substrates with distilled water containing 0.1% (w/v) Tween-80. The mixture was stand still for 2 h under room temperature. The solid residue was separated from the enzymic solution by filtration through Whatman 1 filter paper (Aikat and Bhattacharyya, 2000) .
Determination of CMCase activity, fungal growth and moisture content
The enzyme of interest to be determined in this study is carboxymethyl cellulase activity (CMCase) activity. The enzyme activity was expressed as unit (U) per g of fermented substrate. Enzymes production was express as unit (U) per mg of glucosamine content of the fungal growth. All experiments were carried out in triplicates and the results were presented as mean of the triplicate results. The CMCase activity was assay according to the method described by Gessesse and Gashaw (1999) . The released sugar was measured spectrophotometrically at 575 nm using glucose as the standard. One unit of CMCase activity was defined as the amount of enzyme that releases 1 µmol of glucose per minute under the above assay conditions. While, the growth of A. niger USM AI 1 was examined by determined the glucosamine content of the fungus as described by Swift (1972) . The glucosamine was measured spectrophotometrically at 530 nm using glucosamine as standard. The moisture content of the substrate was determined by measuring the change of weight of approximately 4.0 g of fermented substrate before and after dried in an oven at 80 °C for at least 48 h (Nagel et al., 2001) .
Optimization of CMCase production
Factors that affecting the growth of A. niger USM AI 1 and the production of CMCase were examined and optimized throughout this study using developed FERMSOSTAT. These were including amount of substrates, moisture content, incubation temperature, aeration rate and aeration time, mixing rate and mixing intensity. The optimum condition obtained from each experiment was used in the following experiments unless otherwise stated (Lee et al., 2011) .
Comparison of CMCase production with Trichoderma reesei
Trichoderma reesei was used as a benchmark for the production of CMCase by A. niger USM AI 1 because it is an established culture for cellulases and xylanases production. In order to compare the enzymes production, the determined optimum SSF conditions were used by T. reseei on the production of CMCase.
Statistical method
The significance of difference between each test variable were determined using one way ANOVA analysis and Least Significance Test, computed using SPSS version 11.5 software. All tests were done with a confidence interval of 95%.
RESULTS AND DISCUSSION
Effect of amount of substrates
CMCase activity was decreased significantly with the increasing amount substrate used in the fermentation process ( Figure 1 ). The highest CMCase activity of 47.0 U/g was obtained when 0.5 kg of substrate was used in the fermentation process. When the amount substrate used increased 50% to 0.75 kg and 100% to 1.0 kg, about 73% and 86% dropped in the CMCase activity was observed, respectively. In addition, statistical analysis indicated significant differences (p<0.05) in CMCase activity using 0.5 kg of substrate compared with 0.75 kg and 1.0 kg of substrate. The results was in agreement with Roussos et al. (1993) , who reported about 60 U/g or 44% reduction in CMCase activity when the amount of substrate used in the fermentation process in Zymotis was increased from 4 kg to 12 kg. Less than 7.0 U/g of CMCase activity was detected when 1.0 kg of substrate was used in the fermentation process. Also shown in Figure 1 regardless the different amount of substrate used, CMCase activity was increased and reaching maximum level after 4 days of fermentation process. However, unlike 0.75 kg and 1.0 kg of substrate used CMCase activity increased marginally from day 1 and reaching maximum level after day 4 of fermentation when 0.5 kg of substrate was used. However, Kang et al. (2004) obtained the highest CMCase activity of about 130 U/g after 5-6 days of fermentation process using mixture of rice straw and wheat bran. Enzymes production was expressed as unit (U) per mg of glucosamine content of the fungal growth. CMCase production of 14.4 U/mgG glucosamine was obtained at the highest CMCase activity (Figure 1) . Nevertheless, the highest CMCase production was not parallel with the highest CMCase activity detected. While, the highest CMCase production of 3.4 U/mgG and 1.9 U/mgG glucosamine was obtained when 0.75 kg and 1.0 kg of substrate were used, respectively. Enzyme production profiles were quite similar with enzymes activity profiles. These possibly maybe due to the enzymes produced by A. niger USM AI 1 are growth dependent.
Effect of moisture content
Moisture content plays a crucial role in any SSF process because this variable had influenced on growth and biosynthesis as well as secretion of different metabolites such as enzymes. Distinctively different in CMCase activity was observed when the moisture content used ranged from 65 to 75% (w/w) ( Figure 2 ). As shown in the Figure, different moisture content resulted in different time course required for CMCase activity to achieve maximum level. These can be seen when 65, 70 and 75% (w/w) of moisture content were used, CMCase production achieving maximum level after 3, 5 and 4 days of fermentation process, respectively. Under the optimum moisture content of 70% (w/w), the highest CMCase activity of about 61.0 U/g was gained against 46.0 U/g when 75% (w/w) of moisture content was used. In addition, statistical analysis indicated significant differences (p<0.05) in CMCase activity at 70% (w/w) moisture content compared with other moisture content used in fermentation process. On the other hand, Krishna (1999) also obtained the highest CMCase activity of 9.6 U/g under optimum moisture content of 70% (w/w) when Bacillus subtilis (CBTK 106) was used in SSF process. However, the result obtained in this work was in disagreement with Panagiotou et al. (2003) , who obtained optimum CMCase activity of 210.0 U/g at 80% (w/w) moisture content. In addition, marginally different in CMCase activity was detected at lower moisture content of less than 70% (w/w) or higher than 70% (w/w). This can be seen when about 19% and 24% dropped in CMCase activities were detected when less than 70% (w/w) and higher than 70% (w/w) of moisture content were used, respectively. However, no significant differences (p>0.05) in CMCase activity obtained using moisture content of 65% (w/w) and 75% (w/w). On the other hand, CMCase production of about 18.1 U/mgG and 15.6 U/mgG glucosamine were obtained after 6 days of fermentation process when 70% and 75% (w/w) of moisture content were used, respectively. While, 65% (w/w) moisture content resulted about 13.0 U/mgG glucosamine of enzyme production after 3 days of fermentation process.
Effect of incubation temperature
Temperature control of the substrate bed during the SSF process is very crucial as it ultimately affects the growth of the microorganism, spore formation and germination as well as product formation (Pandey, 2003) . The result obtained in this work indicated that, CMCase activity increased and reaching maximum level after 4-5 days of fermentation process at temperature ranging from 28 °C to 32 °C (Figure 3) . The highest CMCase activity of 67.5 U/g was detected after 4 days of fermentation process at 30 °C with CMCase production of about 17.8 U/mgG glucosamine. These finding was in agreement with Jecu (2000) who reported the highest CMCase activity of 14.8 U/mL when A. niger 38 was grown on wheat straw and wheat bran (9:1) under the optimum incubation temperature of 30 °C for 4 days. While when the fermentation process was carried out at 28 °C and 32 °C, the maximum level of CMCase activities gained were 59. Note: The SSF process was carried out under the indicated incubation temperature, 0.5 kg substrate; 70% (w/w) moisture content; no aeration and mixing for 5 min at 0.5 rpm for every 24 h intervals. Arrow bars indicate means with standard error of three replicates.
Figure 3:
Effect of different incubation temperature on CMCase activity and production. and 64.1 U/g after 5 days of fermentation process, respectively. However, according to Krishna (1999) , highest CMCase activity of 9.6 U/g was detected when Bacillus subtilis (CBTK 106) was used in SSF process for 3 days at 35 °C with media containing banana fruit stalk. No significant differences (p>0.05) in CMCase activity was exhibited for the different incubation temperature used. This is probably because the temperatures used were only differences 2 °C that not really can shows relatively high differences in the enzyme produced. Furthermore, for all the different incubation temperatures used in the fermentation process, only around 5-8% differences in CMCase activity. Unlike, the fermentation process carried out at 30 °C, CMCase activity remained constant and stable after achieving the optimum enzyme production days. In terms of enzyme production, about 18.1 U/mgG and 17.4 U/mgG glucosamine were detected for fermentation process carried out at 28 °C and 32 °C, respectively.
Effect of aeration rate
Aeration not only provides oxygen to the microorganism but also removes carbon dioxide and metabolites heat from bioreactors (Weiland, 1988) . Figure 4 shows that no aeration was needed during the fermentation process for optimum CMCase activity. At the same time CMCase activity profiles also showed that the enzyme activity increased rapidly and reaching maximum level after 4 days of fermentation process when no aeration and aeration at 4 L/h.g fermented substrate were used during the fermentation process. CMCase production showed the highest activity of 69.0 U/g followed by 64.0 U/g and 62.0 U/g when no aeration, aeration at 4 L/h.g and 2 L/h.g fermented substrate were used during the fermentation process, respectively. However, statistical analysis showed no significant differences (p>0.05). These findings were not similar to Kalogeris et al. (2003) , who obtained optimum endoglucanase activity of 1709 U/g when the fermentation process was carried out at the highest aeration rate of 0.9 L/h.g dry wheat straw. As shown in Figure 4 when the aeration rate increased 100%, the CMCase activity was only increased 3.2%. This showed that, higher aeration rate did not marginally increase the CMCase activity. However, about 20% higher in endoglucanase production was observed when the airflow rate used in the fermentation process increased 100% from 0.3 L/h.g to 0.6 L/h.g dry wheat straw (Kalogeris et al., 2003) . Although aeration at 2 L/h.g fermented substrate gives the lowest CMCase activity of 62.0 U/g but it shows the highest enzyme production of 19.0 U/mgG glucosamine. At the same time, CMCase production of 17.6 and 17.4 U/mgG glucosamine were obtained when no aeration and aeration at 4 L/h.g fermented substrate were used during the fermentation process, respectively.
Effect of aeration time
The different aeration time used during the fermentation process showed no significant differences (p>0.05) in CMCase activity ( Figure 5 ). This was because less than 1% difference in the enzyme activity was obtained when Note: The SSF process was carried out under the indicated aeration rate for 5 min; 0.5 kg substrate; 70% (w/w) moisture content; 30 °C and mixing for 5 min at 0.5 rpm for every 24 h intervals. Arrow bars indicate means with standard error of three replicates. the aeration used varying from 5 to 15 min. CMCase activity reaching maximum level after 4 days of fermentation process using 5 min of aeration time. While, longer fermentation days (5 days) was required by the enzyme to reach maximum level with the increasing of aeration time used during the fermentation process. The highest CMCase activity of 62.5 U/g was obtained when 15 min of aeration time was used during the fermentation Note: The SSF process was carried out under the indicated mixing rate; 0.5 kg substrate; 70% (w/w) moisture content; 30 °C; aeration at 4 L/h.g fermented substrate for 5 min and mixing for 5 min for every 24 h intervals. Arrow bars indicate means with standard error of three replicates. process compared with 61.8 U/g and 61.9 U/g when 10 min and 5 min of aeration time were used. On the other hand, Zhang et al. (2003) obtained maximum cellulase activity of 10.0 U/g when the fermentation process was carried out for 5 days at airflow rate of 5 L/min for 15 min under natural atmospheric pressure. Nevertheless, the authors observed optimum cellulase production (15.0 U/g) when carried out the fermentation process at 4 atmospheric pressures for 4 days under the same aeration. On the other hand, the highest enzyme activity did not give the highest enzyme production. This can be seen when CMCase production of 22.6 U/mgG and 20.0 U/mgG glucosamine were detected when 10 min and 15 min of aeration time was applied during the fermentation process, respectively.
Effect of mixing rate
Mixing at 0.5 rpm for 5 min gave the highest CMCase activity and production of 60.5 U/g and 15.8 U/mgG glucosamine after 4 days of fermentation process, respectively ( Figure 6) . In contrast to mixing at 0.5 rpm, CMCase activity required longer fermentation day to reach maximum level when higher mixing rate were used. CMCase activity dropped from optimum level at 60.5 U/g to 55.1 and followed by 48.8 U/g when the mixing rate used increased from 0.5 to 1.0 and 1.5 rpm, respectively. In addition, statistical analysis indicated that the decreased was significantly differences (p<0.05). On the other hand, Kalogeris et al. (1999) obtained CMCase activity of about 956.0 U/g when carried out the SSF process with mixing at 10 rpm for 1 min at 3 h interval. For mixing at 1.5 rpm, rapidly declined in the enzyme activity was detected after the enzyme reached maximum level. However, only slightly decreased in enzyme activity was detected for lower mixing rate used. These can be seen when 16.5% reduction in CMCase activity was observed using 1.5 rpm of mixing rate compared with less than 5% dropped using lower mixing rate. On the other hand, CMCase production of 14.5 U/mgG and 15.6 U/mgG glucosamine were obtained after 3 days and 5 days of fermentation process when 1.5 and 1.0 rpm of mixing rate were used during the fermentation process, respectively.
Effect of mixing intensity
The highest CMCase activity was detected when the mixing was carried out at 0.5 rpm for every 24 h interval followed by 12 h and finally 6 h interval for 5 min ( Figure  7 ). In addition significant differences (p<0.05) in CMCase activity was observed when mixing was carried out every 24 h interval compared with every 12 h and 6 h interval. At the same time, when mixing intensity increased from 24 h to 6 h interval, the enzyme activity dropped about 22% to 49.7 U/g. In contrast to mixing at 6 h interval, CMCase activity achieved maximum level after 4 days of fermentation process. Under optimum mixing intensity of every 24 h internal, about 63.4 U/g of CMCase activity was detected compared with only about 49.7 U/g when mixing was carried out every 6 h interval. CMCase production of 17.7 U/mgG glucosamine was observed when the mixing intensity was carried out for every 24 h interval during the fermentation process compared with about 15.5 U/mgG glucosamine when mixing was carried out every 12 h interval.
Comparison
of CMCase production using Trichoderma reseei Trichoderma reesei was used as a benchmark for the production of CMCase by A. niger USM AI 1 because it is an established culture for the production. The SSF conditions used was the optimized conditions for enzymes produced by A. niger USM AI 1 but not for T. reesei. As indicated in the Figure 8 , CMCase activity increased rapidly and reaching maximum level after 4 days of fermentation process using A. niger USM AI 1. While, CMCase enzyme produced by T. reesei was marginally increased and reaching maximum level after 6 days of fermentation process. Slightly declined in enzyme activity was detected after optimum level. The highest CMCase activity of 62.6 U/g was produced by A. niger USM AI 1 with enzyme production of 17.5 U/mgG glucosamine. On the other hand, as reported by Gao et al. (2008) , the highest CMCase activity of 581.0 U/g was produced Aspergillus terreus M11 using corn Stover as substrate under the optimum fermentation conditions of 45 °C incubation, pH 3.0, 80% (w/w) moisture content and 0.8% yeast extract as carbon and nitrogen sources. However, maximum CMCase activity of 129.0 U/g was produced by A. niger KK2 mutant after 5-6 days of fermentation process using rice straw alone as substrate (Kang et al., 2004) . Maximum level of enzyme produced by T. reesei was 57.3 U/g, which was about 8.5% lower compared with A. niger USM AI 1. However, statistical analysis indicated no significant differences (p>0.05). On the other hand, optimum CMCase activity of 25.2 U/g was also detected after 3 days of fermentation process using T. reesei Rut C-30 grown on Kinnow pulp and wheat bran at 3:2 (w/w) ratio in Mandel Weber medium (Oberoi et al., 2008) . Although the enzyme produced by T. reesei was lower but the enzyme production obtained was higher compared with A. niger USM AI 1. CMCase production of about 20.9 U/mgG glucosamine was obtained by T. reesei after 7 day of fermentation process, which was about 19% higher compared with A. niger USM AI 1.
CONCLUSION
Under optimum SSF conditions of 0.5 kg substrate; 70% (w/w) moisture content; 30 °C; aeration at 4 L/h.g fermented substrate for 5 min and mixing at 0.5 rpm for 5 min, the maximum CMCase activity obtained was 62.6 U/g, which was about 9.6 fold increased compared with before optimization process. On the other hand, the result obtained indicated that A. niger USM AI 1 was superior producer (8.5% higher) for CMCase compared with T. reesei. Many aspects pertaining to the bioreactor design are yet to be studied in detail. However, the results obtained in this study indicated that the developed solid state fermenter, FERMSOSTAT was able to produce CMCase with reasonable good titers. Furthermore, the results obtained were comparable with findings reported elsewhere. The developments of FERMSOSTAT may bring about easier collecting of lab scale data that may facilitate future up scaling studies. Thus, FERMSOSTAT has great potential in promoting transfer of SSF technologies for industrial exploitation.
